This study was carried out in order to evaluate the effect of extrusion conditions on the physico-chemical properties of corn grits-raspberry seeds snacks. The raspberry seeds were chosen to fortify the corn-based snack due to their richness in ellagic acid, a natural phenol antioxidant which has a beneficial effect on human health. Extrudates were prepared using a laboratory single-screw extruder, operated at different conditions. Box-Behnken experimental design was used to evaluate the impact of processing variables: moisture content (18-25%), temperature of extrusion (100-200 °C) and content of raspberry seeds (0-20%) on expansion index, hardness and ellagic acid content. Snack with the highest expansion (2.15) was obtained under 18% moisture, 150 °C temperature and 0% of raspberry seeds content. The highest content of ellagic acid (609.54 mg/kg) was reported in the samples with 20% of raspberry seeds, 100 °C temperature and 21.5% moisture. Extrudates obtained under conditions of 0% raspberry seeds, 100 °C temperature and 21.5% moisture showed the highest hardness value (53.34 kg). It was concluded that changing one or more parameters in the extrusion process can significantly affect the characteristics of the obtained product, and that raspberry seeds have a great potential in food fortification.
INTRODUCTION
Extrusion-cooking is a well-known technology for the production of a variety of food products, in example cereal-based snacks, ready-to-eat cereals, dry pet foods, baby foods, meat and cheese analogues (Ding et al., 2005; Navale et al., 2015) . Miller and Mulvaney (2000) noted that the final product quality depends on extrusion parameters such as: raw materials characterristics, feed moisture, process temperature, screw speed, type of screw configuration, and others. Snack foods have become an important part of the human diet and have influence on overall nutrition (Rodríguez-Miranda et al., 2011). According to Singh et al. (2007) cereals are an excellent choice for extrusion due to their high starch content. Corn grits is the most commonly used ingredient for extruded foods, such as ready-to-eat breakfast cereals and snacks (Gujral et al., 2001 ). Since extrusion allows mixing of various ingredients, this process is suitable for forming new functional foods (Brennan et al., 2013) . Importance of the extrusion process is linked to the utilization of by-products of the food industry with potential bioactivity and nutritional properties. Besides that, Serbia is the third largest producer of raspberries in the world with the production of approximately 100 000 tons per year (FAOSTAT, 2017).
According to Daniel et al. (1989) , the raspberry seeds contain 87.8% of the ellagic acid more than in raspberry pulp. Another importance of incorporating raspberry seeds into new food products is a contribution to continuous endeavor for a sustainable system and the utilization of by-products of the food industry.
The aim of this study was to determine the effect of different extrusion conditions on the physico-chemical properties of corn grits-raspberry seeds snacks. By varying extrusion temperature, moisture content of corn grits-raspberry seeds mixture and content of raspberry seeds, 15 products were obtained. Additionally, the purpose of this study was to investigate possible changes in ellagic acid content as affected by extrusion under different conditions.
MATERIALS AND METHODS

Plant materials
Corn grits was produced by "Mirotin Tisa" d.o.o., Savino selo, Serbia and delivered in the original package. Raspberry seeds were provided by "Mondi Lamex", Kraljevo, Serbia and milled on a cooling mill (Knifetec TM 1095, FOSS, Denmark) in order to provide uniform particle size distribution. Both corn grits and raspberry seeds were sieved using a sieve with 0.5-1 mm opening diameter, to achieve as uniform granulation as possible prior to the extrusion process.
Extrusion process
Extrusion process was performed on a single-screw laboratory extruder (Model GNF 1014/2, Type 110513, Brabender, Duisburg, Germany). Screw speed was constant at 150 rpm and a 3 mm diameter die was used. The feed and compression zone temperatures were maintained at 50 °C and 75 °C, respectively, while die zone temperature was kept either at 100, 150 and 200 °C. Jaekel et al. (2015) and Kapelko et al. (2013) who performed cassava starch and potato starch extrusion on the same single-screw laboratory extruder as in this study, set similar extrusion zone temperatures (first zone 50 ˚C, second zone 70 ˚C and die zone 70 ˚C; first zone 60 ˚C, second zone 65 ˚C and die zone 70 ˚C, respectively). Box-Behnken experimental design (Table 1 ) was used to evaluate the impact of three processing variables: moisture content (18-25%), temperature of extrusion (100-200 °C) and content of raspberry seeds (0-20%).
The expansion index of the snack product
The diameter of the 20 granules was measured by a movable, beam gauge (MIB Messzeuge GmbH, Spangenberg, Germany). The expansion index (EI) is calculated as the ratio of the diameter of extrudates and the diameter of the die.
The hardness of the snack product
The hardness of snack product was determined by diametric compression on the device TA-XT2 Texture Analyzer (Stable Micro Systems, Surrey, UK) according to the method described by Svihus et al. (2004) .
From each sample, two individual extrudates were placed horizontally on a flat surface of the device, and then compressed with a 45 mm stainless steel cylinder probe, at a load of 50 kg and trigger force of 100 g. Hardness represents the force at which the first break of the extrudate occurs, which represents the maximum on the obtained curve of the dependence of force from time. The hardness of the sample was expressed as the mean value of 15 measurements. The instrument setting parameters during the test were as follows: speed before measurement -2.0 mm / sec; measuring speed -1 mm / sec; speed after measurement -10 mm / sec, probe path: 2.5 mm.
Quantification of ellagic acid using HPLC
Considering that content of free ellagic acid is low, hydrolysis was required to convert ellagitannins to ellagic acid. Ellagic acid (EA) was determined after acidic hydrolysis using a modified method described by Bobinaite et al. (2012) .
Raspberry seeds supplemented snacks were milled and homogenized using cooling mill (Knifetec TM 1095, FOSS, Denmark). Then 1.5 g of the sample was mixed with 1.5 ml of acidified methanol (final contraction 2 M of HCl). The prepared solutions were placed in an ultrasound bath for 30 minutes and then set to hydrolysis for 2 h at 85 °C. The samples were then cooled at ambient temperature and made up to 3 ml with methanol. All samples were filtered using cellulose 0.45 μm filters prior to HPLC analysis.
Identification and determination of ellagic acid in extracts were performed by HPLC (HP-1260, Agilent Technologies Inc., USA) with Diode-Array detector, using RP-C18 column (ZORBAX Eclipse XDB-C18, 1.8-Micron, 50x4.6 mm). The mobile phase was a mixture of acetonitrile (A) and 0.1% formic acid solution (B). The flow rate of mobile phase was 0.5 ml/min with an elution gradient: 0-6 min. 15% A, 85% B; 6-28 min 50% A, 50% B. The DAD acquisition wavelength was performed at 254 nm. An external calibration method, using ellagic acid (Sigma Aldrich, Steinheim, Germany) as standard was used. The stock solution was diluted to obtain 5-100 ppm concentration working solution range (R=0.9997).
Statistical analysis
The Box-Behnken experimental design with three independent variables comprised 15 experiments with three replicates at the central point. Independent variables used in experimental design were moisture value (A, 18-25 %), temperature (B, 100-200 °C) and raspberry seeds content (C, 0-20 %), while response variables were expansion index (EI), hardness (kg) and ellagic acid content (mg/kg). The data obtained from those experiments was statistically analyzed by analysis of variance (ANOVA). Design-Expert (version 11) was employed for statistical and modelling data processing using second-order model of a polynomial (SOP) and response surface methodology. The model adequacy and fitting were evaluated with following criteria: the significance of the model according to the p-value, lack of fit and regression coefficient (r 2 ) values.
RESULTS AND DISCUSSION
Expansion index, hardness and content of ellagic acid are very important parameters in order to define the quality of the final snack product. Obtained results for these parameters are presented in Table 1 .
The expansion index of the snack product
The expansion index (EI) of the extruded snack products is the most important parameter in terms of their acceptability by consumers. The highest EI value (2.15) was observed using the lowest moisture content (18%) and the higher temperature (150 °C), while the lowest EI value (0.94) was noticed at the minimal temperature (100 °C) and the highest moisture content (25%). These results are in accordance with Ding et al. (2006) who found that the increase in the moisture content of the input material leads to a great reduction of wheat-based extrudate expansion. Hagenimana et al. (2006) consider that the influence of moisture on the EI can be explained by the fact that the dough during the extrusion with higher moisture content produces lower vapor pressure (probably due to the reduction of the temperature in the barrel), which leads to a reduction in expansion. Kristiawan et al. (2016) reported that increasing moisture content can soften the amylopectin structure and reduce the elastic properties of the dough leading to a reduction in extrudate expansion. , as well as the calculated error value of the model (close to zero, which implies little or no effect on model formation), guarantees a good and reliable predictor of the EI for the extrusion process, as well as the good fitting of the SOP model values with experimental data for EI extruded (Table 2 ). Visual analysis of surface plots (Figure 1 ) is consistent with multiple regression analysis. It is noticeable that the temperature and moisture content dominantly influence response comparing to other variables, by analyzing the slopes for each variable. 
Hardness
The highest hardness value (53.34 kg) was obtained with 21.5% moisture, 100 °C and 0% raspberry seeds. The lowest hardness value (18.43 kg) was obtained by conditions of 25% moisture content, 150 °C and 20% raspberry seeds. It was noticed that hardness increased with decreasing moisture content of the initial material. Lazou and Krokida (2010) came to the same conclusion that the hardness of the extrudate based on corn grits with lens reduces by increasing the moisture content of the initial material. They also reported that temperature rise produced more expanded snacks with softer texture. Results for raspberry seeds supplemented snacks are in agreement with the research of Anton et al. (2009) , who concluded that the textural properties are very dependent on the degree of expansion.
The greatest impact on hardness in the SOP model (Table 3) had linear members A (statistically significant at p <0.10), B (statistically significant at p <0.01), and interactions AC (statistically significant at p <0.01), BC (statistically significant at p <0.10) and quadratic member A 2 (statistically significant at p <0.10). These results correspond to Ding et al. (2005 Ding et al. ( , 2006 who reported that there are statistically significant effects of the linear moisture content of the starting material to the hardness of final rice and wheat extrudates. Feed moisture content increased modulus of elasticity of corn extrudates and led to the plastification of the sample. Lazou and Krokida (2010) explained that the decrease of moisture content in extrusion cooking tends to increase specific mechanical energy, and consequently to favor macromolecular degradation of starch though dextrinization. Kumar et al. (2010) noted that the decrease in hardness with increase of temperature might be due to higher expansion at elevated temperatures. Raspberry seeds addition affected expansion ratio negatively, as well as increased hardness of the final products. As Chiu et al. (2012) reported, fibers contained in materials used to supplement extrudates could have imparted structural integrity to the extrudate, resulting in higher value of hardness, which was also confirmed with our results.
Visual analysis of surface plots (Figure 2 ) is consistent with multiple regression analysis. It is noticeable that the temperature and moisture content and interaction of these parameters with raspberry seeds content dominantly influenced response comparing to other variables, by analyzing the slopes for each variable.
Ellagic acid content
Ellagic acid is a highly thermostable molecule with a melting point of 450 °C and a boiling point of 796. The greatest influence on calculating the content of ellagic acid in the SOP model (Table 4) had a linear member C statistically significant at p <0.01 whereas other model coefficients did not have any statistical significance. This conclusion was expected because of the natural presence of ellagic acid in raspberry seeds. According to Bushman et al. (2004) red raspberry seeds contain 8.7 mg/g seeds of ellagic acid. Comparing the samples obtained under conditions of 25% moisture, 150 °C, 0% raspberry seed and 21.5% moisture, 200 °C, 20% raspberry seeds, it can be noticed that expansion index and hardness of these snacks are only slightly different. This led to conclusion that increased ellagic acid content did not affect the physical properties of snacks and therefore it might not be expected to diminish the product acceptability.
Processing can significantly affect the fruit phenolic content and their health-promoting properties. Thus, industrial processing of strawberries to obtain jams decreased the total ellagic content by 20% (Hakkinnen et al., 2000) . Several extrusion process variables such as barrel temperature, pressure, screw speed, moisture content, flow rate, energy input, residence type, screw configuration and other can influence the composition and physicochemical Table 5 shows percent of reduction in ellagic acid content in the raspberry seeds-supplemented snacks after extrusion process under different conditions. According to Yağci and Göğüs (2010) , feed moisture content and barrel temperature are the most significant process variables which decrease the total phenolic content in an extrudate. High moisture content and high barrel temperature may cause decarboxylation of phenolic acids during extrusion, and lead to polymerrization of phenols which results in re- ). Similar trend was observed in this study since the highest reduction of ellagic acid (28.58%) was noticed in the sample with 10% of raspberry seeds extruded at 25% moisture content and 200 °C whereas the lowest ellagic acid reduction (3.29%) was reported in the sample with 10% raspberry seeds, processed at 18% moisture content and 200 °C, however, the overall effect of moisture content on EA variation was found statistically insignificant in the SOP model.
One might argue that the acidic hydrolysis step prior to analysis of EA might hinder the effect of extrusion parameters on variation in EA content due to high sensitivity of phenolic compounds to pH changes. Therefore, in further research, it would be advisable to determine free and bound forms of EA to better reveal the fate of EA during processing. The hydrolysis step has been used in determination of total EA content due to the fact that, in raspberry seeds, as already mentioned, EA is mainly present in its bound form, elagitannins. Bobinaite et al. (2012) measured the content of ellagic acid in 19 different raspberry cultivars before and after hydrolysis and reported ellagic acid content of 2.0 ± 0.10 to 5.5 ± 0.09 mg/100 g fresh weight in free form and 83.9 ± 6.7 to 246.3 ± 12.1 mg/100 g fresh weight after hydrolysis. Gođevac et al. (2009) and Landete (2011) reported that one of the main constituents after hydrolysis of raspberry seeds extract was ellagic acid.
CONCLUSIONS
Based on the obtained results, it can be concluded that different extrusion parameters affected the physico-chemical properties of final snack product. Higher moisture content of the input material led to greater reduction in the extrudate expansion and ellagic acid content, while hardness increased. Furthermore, higher temperature values resulted in higher expansion of extrudates and decreased hardness and ellagic acid content. The content of ellagic acid also depended on the content of raspberry seeds in each sample. Further investigations should focus on the optimization of the extrudate composition due to the fact that raspberry seeds have a great potential in food fortifycation. 
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